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Abstract

Insurance demand is driven by many factors, buthieremerging economies, one of the most
significant historical drivers of growth has beexcame per capita. Based on a simple
forecasting approach, we project that insurancestpation in the BRICS economies could
increase at a rate of between 1.6 and 4.2% peropeaithe coming decade, depending on the
country, due to rising per capita income. When ofaetors are included, this broadens to
between 0.1 and 4.3% per year. This equates tteafancrease in gross premium volumes
of between 5.4 and 12.3% per year. The largestthrowinsurance penetration and premium
volumes is expected in China, closely followed mdid and Russia. A concern for
(re)insurers is how climate change may impact thgsewvth paths. Based on current
projections, we expect the impact on growth medi#teough income to be small; less than a

0.4% adjustment in the annual growth rate in premiolumes to 2030.

[. Introduction

Over the past ten years, the emerging economigmgrircular the BRICS economies (Brazil,
Russia, India, China and South Africa), have seerdrrates of growth in insurance premium
volumes. Today, emerging markets account for 1506%hme total world non-life premium
volume, up from 11.5% in 2005 (Table 1). The fivRIBS economies alone have an 8.5%
share of the world non-life market. In each of theountries, premium volumes have
increased significantly since 2005; compound anguaWth rates (CAGR) in real non-life
premium volumes between 2005 and 2010 were: SofticaA2.9%; Russia 6.9%; India
9.1%; Brazil 12.5%; and China 25.1%€onversely, over the same period, annual growth i
the industrialised countries (accounting for 84.6%the world market in 2010), was on

average below 3%, and in some markets had stagnégedthe share of the non-life market

! based on Swiss Re (2006, 2011) and data suppli¢iiebyiobal reinsurer Munich Re



of the BRICS economies is small compared with thshiare of global GDP (26%) and
population (42%), suggesting a significant catctpafential.

Table 1: Non-life insurance premium volume ($ unatjd). Swiss Re 2006, 2011

Total Share of Total Shar e of Premiums
Premium World Premium World per Capita
Volumein Market in Volumein Market in in 2010
2010 ($US 2010* 2005 ($US 2005* (3US)
millions) millions)
World 1,818,893 100% 1,452,011 100% 263.0
Emerging Economies 286,383 15.5% 170,694 11.5% 48.5
Africa 19,475 1.0% 12,230 1.0% 18.9
Of which: South Africa| 10,111 0.5% 7,256 0.5%
South and East Asia 98,007 5.5% 74,086 5.0% 27.4
Of which: China 71,628 4.0% 20,539 1.5%
India 10,562 0.5% 4,848 0.5%
Latin America and 73,320 4.0% 35,336 2.5% 125.6
Caribbean
Of which: Brazil 30,847 1.5% 13,399 1.0%
Central and Eastern 68,187 4.0% 36,322 2.5% 211.6
Europe
Of which, Russia 40,742 2.0% 16,618 1.0%

*values rounded to the nearest 0.5%

The rapid growth of insurance demand in the emgrgiconomies is expected to continue
over the next several years (Hussetsal. 2005; Swiss Re 2011), not only in terms of
increasing premium volumes but also increagnsgirance penetratiarinsurance penetration

measures the total volume of premiums as a rattbeofross domestic product (GDP). In the
emerging economies over the past decade, real pmergiowth has generally outstripped
growth in real GDP, indicating a long-term trendvémd increasing insurance penetration.
Conversely, in some industrialised countries, ptamvolumes have grown more slowly than

GDP over the past few years, indicating a slighitigpenetration levél

In this paper, we are concerned with projectingnglea in premium volumes and insurance
penetration in the BRICS economies over the neatdacades; a period particularly relevant
for long-term strategic planning in the insurardustry. Previous authors have analysed the
drivers of growth in the emerging economies at ggregate level and have shown a strong
relationship between per-capita income and nonitiuirance demand (e.g. Feyehal
2011; Enz, 2000; Zhengt al. 2008, 2009). For this reason, income forecastsanmemonly
used by the insurance industry to forecast mark&trial. Here, we investigate the use of
forecasts of per-capita income to project demanthénBRIC economies to 2030. In Section
Il, we review the evidence on the drivers of aggteginsurance demand in the BRICS

2 In North America (40% of global non-life market siareal premiums increased by only 0.5% in 20 Ho{l
the ten-year average of around 2.5% per year) ewhal GDP increased by 2.8% (Swiss Re, 2011).



economies. Section Ill then uses economic foredemts three sources to generate forecasts
of non-life insurance penetration. In Section IVe wresent a new method for forecasting

insurance demand that attempts to include trendsnrincome factors.

Finally, in Section V, we consider the impact ofhm@te change on insurance demand. A
concern expressed by (re)insurers is whether aiirnhinge could limit the effectiveness of
existing forecasting tools. Over the coming fewattkss, climate change is expected to alter
the global landscape of natural catastrophe rigiofBon et al., 2007) and could begin to

affect aggregate economic growth (Paetyal. 2007). We estimate the impact of climate
change on insurance demand mediated through incaeeg current projections of the

economic impacts of climate change. An accompangaqer, Ranger and Surminski (2011),

evaluates the impacts of climate change on inserdamand beyond income.

This paper focuses on the non-life (property & @dty) insurance market, an area that
appears much less well researched than the lifgranse market (Feyeet al. 2011), but

which is particularly relevant in a climate chamgatext.

[I. Driversof Insurance Demand in the BRICS economies

Enz (2000) and Zhengt al (2008, 2009) show empirically that increasing ivehas been an
important long-term driver of growth in aggregatesurance demand in the emerging
economies. Figure 1 demonstrates the relationshiywdzn income per-capita and non-life
insurance penetration for around 200 countrieschviaie shall refer to as thé&lobal Trend
Line’ (GTL). This relationship is equivalent to tt&Curve’identified by Enz (2008)and the
‘World Insurance Growth Curveatentified by Zhenget al (2008, 2009) In low and middle-
income countries, such as the BRICS, income andranse penetration are positively
correlated; Enz (2000) concludes that for thesenitgugroups the income elasticity of
demand may reach two or more. Conversely, foratnest and highest income countries, Enz
(2000) finds an income elasticity of demand closeohe. Similar conclusions have been
drawn in many empirical studies (Hussetsal. 2006 and references therginUsing these
relationships, USAID (2006) categorises insuran@ekets into four phases (indicated by

dashed vertical lines in Figure 1): dormant, egrigwth, sustained growth and mature.

% The relationship given by Enz (2000) took the farhan ‘S-curve’ rather than a smooth curve asiguie 1
because income was expressed logarithmically.
4 Quantitative differences are due to the altereasivurces of insurance penetration and income &gtm
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Figure 1: The relationship between gross natiomalome (GNI) per capita (expressed in purchasing

power parities, PPPs) and the penetration of nd@tisurance (% of GDP) in 2009 for around 200

countries. The red line is known as the ‘Globalnitéine’ (GTL). Source: data provided by Munich
Re. The dotted lines indicate approximate phasesasket development based on USAID 2006:

dormant, early growth, sustained growth and mature.

Each of the BRICS economies is located in eitheredwrly growth or sustained growth phases
suggesting significant potential for increasingumagce penetration as wealth increases.
Feyenet al. (2011) and USAID (2006) explain that during thebases, rising levels of per-
capita income are associated with an increaseddafbdity of insurance products as the
growing middle-class population acquire greatepassible incomes (the direct effect), but
also with a more conducive environment for insueafen indirect effect), including rising
levels of education, financial literacy and risk ameness, a higher priority on risk
management, deepening client markets (e.g. grofimagcial sector, increasing markets for
consumer durables, property and business owneasitigreater investment in fixed capital),

and more stable governance regimes.

Income alone cannot wholly explain the long-ternoletion of insurance penetration at a
country level, or the differences in penetratiomwsen countries. This is illustrated by the
heterogeneity of countries around tBdobal Trend Line’(GTL)’ in Figure 1. The deviations
from the trend line indicate the presence of Idaators that tend to increase or suppress the

penetration of insurance relative to the effecinabme alone (Enz, 2000). Empirical studies

® The equation of the GTL is given by ¥ Brder polynomial least squares fit to penetratind income data for
all 200 countries over the past 10 years (supfilieunich Re).



have revealed a wide range of factors that impettrance demand beyond income; these are

summarised in Table 2.

Table 2: Drivers of non-life insurance demand belyomcome

Group of Drivers Examples
Macroeconomic Economic stability
factors Inflation rates

Developed and stable financial markets
Openness to trade

Political, regulatory | Stable legal and institutional frameworks

and legal factors Adequate insurance law

(including pre- Opening distribution channels (e.g. bancassurance)
conditions for Conducive regulatory environment

insurance) Property rights

Judicial efficiency and transparency
Mandatory insurance lines

Socio-cultural factor§ Education

Financial literacy

Religious and cultural attitudes to risk and inswe

Perception of other available financing in the é\afra loss, such as disaster aid

Risk factors The nature of exposure, such as thebeuof cars
Natural catastrophe exposure
Risk awareness linked with recent catastrophe éxpes

Sources: Brainard, 2008; Feyen et al. 2011, Hussehl. 2006; Swiss Re, 2004; USAID, 2006

The main drivers of demand can vary over time aetveen countries. Indeed, insurance
penetration can vary significantly on an annualidbo@s response to, for example, recent
catastrophe loss, changes in market conditionsctwhifect the price and availability of
insurance) and local policy changes. Figure 2 shitlvesevolution of the residuals (i.e. the
deviation, proposed by Enz 2000) from the GTL facke of the BRICS over the period 1990
to 2009. The residual is defined as the differdmeveen thémplied insurance penetratin
and the actual insurance penetration for a couimra given year (théncremen)t. The
penetration in South Africa has been consistenidy lielative to per-capita income levels
since 1990, while China (since the mid-1990s) ardial have remained low but increasing.
Since the late 1990s, penetration in Brazil hasareed close to that implied by its per-capita

income; whereas estimates for Russia suggest egasing trend since the early 2000s.

® The implied insurance penetration is given byGié. equation and the GNI per capita for the couirirghat
year (EIU, 2011).
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Figure 2: Residuals from the Global Trend Line (g 1) — the Increment. The residual values are

shown as moving averages over 3 years to removasannlatility. Data supplied by Munich Re.

To better understand what has driven the evoluifansurance penetration relative to income
in the BRICS economies, Table 3 summarises thetgtiaé evidence on non-income factors

reported to have influenced demand since 1990.ri&jerity of these factors are related to
public policy and financial services regulation;particular, the introduction of mandatory

classes of insurance (mainly mdjoand market liberalisation. In practice, it candificult

to identify the influence of these factors on aggte demand as their influence may be
altered by the presence of other factors or they ody affect some lines of business.

However, we can speculate that the increasing tienohsurance penetration relative to

income in India and China over the past 10 yeasst ileast partly associated with market
liberalisation. In addition, the step change ingieation in Russia after the early 2000s may
be associated with regulatory changes and thedmtton of mandatory motor insurance.

The fluctuations in penetration relative to incomeor to the 2000s may reflect the

significant political and economic changes in tHRIBS economies between 1990 and 2000
(Kong and Singh, 2005; Swiss Re, 2063bpwever, we cannot exclude the possibility that

the apparent instability over this period may atsftect lower data quality

" Motor insurance is the dominant non-life businéssin most emerging economies, followed by proper
accident and health insurance (Swiss Re, 2004).

8 Such as the Russian recession in the late 19998r#zilian recession and high inflation rates dythe 1990s;
and in China the rapid growth and structural chanlgemg the transition to a capitalist economyhia 1990s.
Macroeconomic conditions have a broader influencdemand besides income; an unstable economic
environment can result not only in lower disposabt®mes, but are also associated with highertinfia
increased uncertainty for the insurer and the etbuwWeaker macroeconomic conditions can also cigdi¢he
balance sheet of insurance companies through siagethe value of claims and increasing reserviegps due to
inflation, declining value of insurer assets andueed availability (higher cost) of capital (redugicapital
position and increasing risk of insolvency), andugng income from premiums due to contract tertoms and
declining demand (leading to lower premiums); tféa lead to a reduced availability of insurance.

° Lower data quality prior to the year 2000 may refoim less stable reporting practices or the ¢éfféanstable
market exchange rates on the calculations of imseraenetration.



Table 3:

Qualitative evidence on non-income-led&hs of insurance demand in the BRICS

China

Growth in China, as in many other developing cdestrhas been hampered by a relatively low awaseofegsk and insurance, both in the general amdnaeercial insurance
markets. In addition, levels of income per capitielincome inequalities; insurance is still unadfale for a large portion of the population, paitcly those in rural areas.
Since 1988/9, China has undergone a privatisatigmsarance and increased competition (some stateed insurers remained, but have been gradualatsed since aroun
2003). The first insurance law was promulgated9@i5land updated in 2002. The regulatory authdtigy,China Insurance Regulatory Commission, wabksited in 1998.
China allowed foreign investment in the insuraneeta in 1992 and trade restrictions have gradudiéd since China became a member of the Worklbl&@rOrganisation in
2001. However, local insurers make up the vast ritgjof total business volume (intensely compeéjivSince December 2003, foreign non-life insucens write all lines of
business except statuary classes. Since 2004grfonein-life insurers have been able to open sugidiranches without regional restrictions.

The recent increase in broker market share of camialénsurance since 2002 is positive in termgofeasing customer awareness of insurance, brg thaignificant further
growth potential. Bancassurance was introduce®@1 2allowing new distribution channels for insuran

Insurance lines were de-tariffed in the early 20@3sept statutory lines). Mandatory motor insuea(®@006) and subsidies on agricultural insuranee recreased demand.

In 2009, premium growth was boosted by growth ihligunfrastructure investment and policy-driverogth in agricultural and liability lines.

The insurance law was revised in 2009, introduaimgw supervisory regime; further tightening olveaky requirements is expected.

Brazil

Liberalisation of the insurance market in 1996 #ralreinsurance market in 2007 gave a boost tegbr; though at the time there remained soméebsuto entry for foreign
(re)insurers these were subsequently lifted matiiegnarket open to competition. Market share bgifpr companies has increased substantially ovarakel5 years.

The sector has benefited from increased distributttannels for products through banks and utilt@®panies, generating new interest in insurance.

Brazil has mandatory motor insurance (personahyjjollected as a fraction of road tax, and mamgefire insurance for properties.

In the late 2000s, the market continued to groangily due to tax incentives for insurance.

Russia

Liberalisation began in 1991, leading to a dramiaticease in the number of insurance companiedbgoicrs, but there was slower growth in the lat@08due to the recessio
Regulatory structures were put in place in theye2®00s, leading to improved conditions for competness, a more attractive market for internatiamsurers, and as a resu
broadened product ranges. The concept of insutaasdecome embedded in the economy. Regulatonereéints were made in 2008/09 and more are expéetasting to
potential market consolidation. Since 2007, foraiginsurers have become dominant but insurersuddjed to stricter capital requirements and theeshemains low.
Introduction of mandatory motor insurance in 20R&ing investment in property, often secured bwfice, has led to increase uptake of property inseraBut, penetration i
voluntary markets is low due to lack of awareness anwillingness to buy insurance products. Regoweéthe liability business in the mid-2000s colpiried to growth.

— D

India

The Indian market has undergone significant strattchange and growth since 1999/00, as a resyiblify reforms allowing private companies into theurance market,

State-owned insurers have remained, and maintdomanant share of the non-life market, but opeast@rivate commercial entities. The share of theketacarried by foreign

companies was capped to 26% and foreign entries lmeus the form of joint ventures with local pats. Progress toward further de-regulation anddiisation has been slow;

proposals have been made to increase the capeigriatirect investment to 49% and allow foreigmseirers to open local branches.

Policy reforms have opened up new distribution deds) including bancassurance in 2001. Distribusiithremains an issue for accessing large postimfthe population.
The general insurance market has been largelyridfetbsince 2007 (motor third party liability insance remains tariffed); this led to short-terntfuations in prices.
Motor insurance (third party liability) is mandagan India.

South
Africa

Considered to be a developed insurance marketgthpremiums per capita are relatively low. Stateivement in the market is minimal and regulationpar with developed
markets. Concentrated market with a relatively $market share held by foreign insurers (14% of-lifenin 2002) due to the strength of local insgte®trong broker market.
Several compulsory classes of insurance includintpnthird party bodily injury liability (state seme), workers compensation (state scheme) andsgiofeal indemnity for
pension fund trustees. Low penetration (around 26%third party liability motor insurance.

Declining growth rates in the early 2000s were eisged with political and economic conditions. Tieovery since around 2003 linked to the risingdigetlass population.

Sources: Arkell (2008), Clyde & Co (2010), Lloy@807a, 2007b, 2011a, 2011b), Munich Re (2009)sSRe (2003a, 2004, 2006, 2008, 2010), UNCTAD (2007



This Section has given qualitative evidence to ssgghat both income and non-income
factors have been important determinants of grawtthe BRICS economies over the past
two decades. However, empirical studies have tetmedggest income is the only driver that
can be sufficiently well quantified to act as adiceor for aggregate changes (e.g. Fegeal.

2011). The following section uses forecasts of ineao predict future insurance demand

growth in the BRICS economies. Section IV then @ers a broader range of factors.

[11. Quantitative forecasts of insurance demand based on income

The empirical relationship between insurance patietr and income per-capita at a global
level (e.g. the GTL in Figure 1), alongside the Wwnocountry-specific residual (Figure 2),
provides the basis for a simple forecasting modl@surance penetration based on forecasts
of economic growth (as suggested, for example,dyeret al. 2011 and Zhengt al. 2008).
Our forecast model is given by Eqn. 1, whBgf) is the insurance penetration for courtry
at timet, I.(t) is the forecast income per capita for countrat timet, f(l) is the global
empirical relationship between insurance penetmatind income per capita am is the

country-specific residual.

RO=f0.0)+R @

There are three sources of uncertainty in suclrec#st: the empirical relationship between
insurance penetration and income-per cdgijatself; the economic growth foreca$fy; and

the residuaR;. To explore this uncertainty, we use multiple scers for each source.

Two versions of the empirical relationship are udidtly, the GTL introduced in Section |
and secondly, th&Vorld Insurance Growth Curv@NIGC) or ‘ordinary growth model'for
non-life insurance penetration developed by Zhengal. (2009). For the GTL, f(l) is

determined by a polynomial least squares fit t@ aett insurance penetration and income per

capita for the past 10 years for 200 countries igeml’by Munich Re. We refer td (1.(t))

as themplied insurance penetration

We use three sets of economic forecasts from tloadfuist Intelligence Unit (EIU, 2011),
the World Economic Outlook of the International Mtary Fund (IMF, 20119, and

19IMF (2011) provides forecasts to 2016. After 20&8,assume a constant growth rate at the 2016.value
Appendix B discusses the implication of this assuonmpt

10



Goldman Sach$ (O’Neill and Stupnytska, 2009). Further details given in Appendix A.
These three sources give a wide spread of projecfar 2015 and 2030 (see Appendix A).

Finally, we apply the residual in two wa§sFirstly, using the relationship given in Egn. 1,
where the residudR; is given by the absolute difference between the@ahand implied
insurance penetration in 2009 (ttecremen). This assumes that the residual remains
constant at the 2009 value. Secondly, we use amate forecast model, given by Eqgn. 2,
where the residual becomes a ratio, known aB#8mehmark Ratio of Insurance Penetration
(BRIP, proposed by Zhengt al. 2008, 2009). The BRIP is equal to the ratio of detual
insurance penetration to the implied insurance toatien for 2009. In this formulation, the
absolute residual (i.e. in Eqn. 1) is assumed tp Maearly with the income per capita. In real
terms, this could be interpreted as representiagrtirect effects of income; for example, the
more conducive operating environment for insuratygecally associated with economic
growth.

PO = (. (0))xBRIR @

Combining these inputs and formulations leads timta of twelve forecasts per country. The
resulting forecast insurance penetration rate2®5 and 2030 and compound annual growth
rates (CAGRs) over the period are given in Tabl@His shows that the largest rates of

growth are expected in China, and between 201@@a84 for all countries.

Table 4: Summary of forecasts of non-life insurapeeetration based on income only

Forecast Non-Life Insurance Compound Annual Growth Rate in

Country Penetration (%) Non-Life Penetration (CAGR, %)

Mean and Range Mean and Range

2015 2030 2010-2020 2020-2030
Brazil 1.79[1.75-1.83] 2.40[2.27-2.57] 2.1[1.24]% 1.7[1.4-1.9]%
China 1.40[1.31-1.51] 2.34[1.92-2.83] 4.2 [3.8.3]% 2.6 [1.8—-3.5]%
India 0.74 [0.68-0.84] 1.18 [0.92-1.80 2.4[1.341% 29[1.8-4.8]%
Russia 2.59 [2.53-2.70] 3.22[3.05-3.45] 1.9[134% 1.1[0.8-1.4]%
South Africa 3.16 [3.05-3.35]  4.09 [3.66-4.56] ne —2.2]% 1.5[1.0-2.1]%

1 O'Neill and Stupnytska (2009) did not provide foasts for South Africa. See Appendix A.

12 As shown in Figure 2, the actual insurance petietréor a country can deviate from the insuraneesgration
implied by its income per-capita (tiraplied insurance penetratidnThis deviation is called the residual. The
residual must be applied to a forecast based amia@er capita to obtain a country-specific forecas

11




For all countries, the range of forecasts suggestsiderable uncertainty in future insurance
penetration. The standard error for the forecastargest for India, followed by China and
South Africa. The main source of uncertainty idetiént for each country. For Brazil and
China, and to a lesser extent South Africa, theecic forecast is the most important source
of forecast uncertainty in future non-life insurar@enetration (i.e. it generates the greatest
spread in insurance penetration, all else beinglgg&or Russia and South Africa, the
definition of the residual is important. Uncertast are larger for the period from 2015 to
2030 than 2010 — 2015, as one would expect frongthater assumptions that are implied

about long-term economic growth and insurance dimmai.

V. Representing trendsin non-income factors

As discussed in Section Il, thecrement(Figure 2) oBRIP (Appendix C) may change over
time in response to non-income effects. The lackepfesentation of changes in non-income
factors can lead to under-performance of incomedbdsrecasts (Munich Regers. comn).

A challenge is that there is a limited understagdihhow these factors will evolve over time.
In this section, we attempt to go some way towaagturing trends in the residual by
representing their historical trends in the forecdasrecasting abrupt shifts in the residuals, as

observed in Russia in the early 2000s (Figures)eiyond the scope of this study.

We represent decadal-scale trends using a timedagotesidual; that is, replacing. with
R(t) in Egn. 1 andBRIR, with BRIR(t) in Egn. 2.R(t) and BRIP(t) are given by the
historical linear trend over 2000 to 2009 for eachuntry. Otherwise, the structure of the

forecasts is preserved, thus giving a new set efvevinsurance penetration forecasts.

Table 5 gives a summary of the projections fortiielve new forecasts with a time-evolving
residual. For South Africa and Brazil these foréxgmedict slower growth compared with
those in Table 3 as the residual has declined thvepast decade (Figure 2); conversely, the
forecasts for Russia show more rapid growth. Addal analyses given in Appendix D
suggest that a shorter calibration period (i.ee frears of historical data than ten) can lead to

improved performance of the forecasts.

Table 5: Summary of the twelve forecasts usingithe-evolving residual

Forecast Non-Life Insurance Compound Annual Growth Rate in Non-
Penetration (%) Life Penetration (CAGR, %)
Country
Mean and Range Range only
2015 2030 2010-2020 2020-2030
Brazil 1.55[1.49-1.62] 1.46 [1.15-1.88 0.1 [-0.0:8]% -0.6 [-2.0 — 0.9]%
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China 1.46 [1.40-155]] 2.50[2.00-3.37]  4.3[3.89]% | 2.7[1.8-4.1]%
India 0.79[0.74-0.86]| 1.30 [1.07-1.76 2.7[1.891% | 3.1[2.1-4.6]%
Russia 3.24[3.12-3.38] 5.38[3.76-6.11]  4.2[348]% | 2.7[2.2-35%
South Africa | 3.11[3.06-3.15]  3.65[3.29-3.84] [B-1.3]% | 0.9[0.3-1.3]%

IV.1 Comparison of forecast performance

To ascertain whether the inclusion of a time-evalviesidual improves the forecasts we
conduct simple hind-casting experiments. The methad detailed findings are given in
Appendix D. From this analysis we draw the coriclughat income-only forecasts tend to
perform better (in terms of the root-mean-squan@rgrthan those with time-evolving
residuals, except where there is a sizeable bbtesteend in penetration relative to income
over the preceding five to ten yedrd\Ve also conclude that the performance of foredast
better over 5-years than for longer forecasts dad the performance varies significantly
between countries. The lowest forecast performasdeund for Russia and this may be

explained by the low stability of the penetratietative to income over the past ten years.

There are few forecasts of non-life insurance dehianthe academic literature to compare
with our findings. Zhenget al. 2008 uses a similar forecasting approach to tbene-only
approach given in Section Il (though only consgdre uncertainty from economic forecasts)
and predicts a non-life insurance penetration iR026f between 1.30% and 1.48%. This is
less optimistic than the forecasts presented ia #tudy; which using an income-only
approach suggest a non-life insurance penetrafibetaveen 1.31% and 1.51% by 2015. The
differences can be explained by the more recentramee penetration and income data used

in this study (up to 2009, rather than 2005) arddifferences in the economic forecasts.

V. Incorporating the impact of climate change on income

Mills (2005) speculates that climate change mayachpnany lines of insurance, including
property, agriculture, business interruption, lied health, political risk and liability. One

potential pathway through which climate change d@amipact insurance demand is through
its impact on economic growth. Studies have suggetitat climate change could reduce
global GDP by several percent relative to the laselno climate change) case over this
century (Stern, 2007; Paret al. 2007). In this Section, we provide a preliminawaleation

of the potential scale of this influence on inseweademand over the coming two decades.

13 We find that with time-evolving residuals, thedoast should be conditioned on the period over fwtiie trend
is stable to obtain the greatest performance.
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There is huge uncertainty in forecasts of the ingat climate change on income per capita.
For illustration, we use projections from two sadms developed for Mercer (2010) (see
Appendix E for details). The ‘Climate Breakdownesario is a high-end scenario of future
physical impacts of climate change in the BRICSgjiresents a world where no action is
taken to curb greenhouse gas (GHG) emissions amdcltmate responds sensitively to
emissions. Conversely, the ‘Stern Action’ scenagjoresents a world where strong action is
taken to curb GHG emissions (i.e. roughly conststéth the vision laid out in Stern, 2007).
Mercer (2010) give projections of the costs of eien change associated with GHG
mitigation, adaptation and residual damages frogsisll impacts. These costs are integrated
into the three sets of baseline income forecasteterate new income forecasts, which are
used to drive the insurance penetration models. mathod is outlined in Appendix E. It
should be noted that the integrated assessmentlsnodevhich estimates of the aggregate
economic impacts of climate change are based (sleiner 2010) are not comprehensive; for
example, the impacts of changes in extreme eveatsd fully represented. This could mean

that the impact estimates given here are conseevati

The findings are given in Table 6, which showsrba-life premium volume for the baseline
(no climate change) scenario and the differencegmthe two climate change scenarios. The
premium volume is calculated by combining the fasts of insurance penetration with the
economic growth forecasts from the three sodfcdr all of the BRICS, the effect of
climate change (mediated through income) is sreddtive to the total premium volume; less
than a 0.4% adjustment on the CAGR. This is becthes@verall economic costs of climate
change are expected to be small relative to ecangmiwth over the next 20 years. Indeed,
the vast majority of the projected impact on premiolumes in the ‘Stern Action’ scenario
comes from the effect of mitigation costs on ecomognowth and is consequently largest in
the two most carbon intensive of the BRICS, Chind &ussia (Mercer, 2010); India is
projected to experience a boost in premium volurdes, to the expected positive effects of
mitigation policies on economic growth. Impacts also greater for India and China as the

income elasticity of demand is greater (Figure 1).

Table 6: The mean and standard deviation of aleéaists using the GTL, expressed in terms of the
total non-life premium volume. Shown are the alisolalues for the scenario without climate change
and relative values (on the mean) for the two sdesavith climate change.

Non-Life Premium 2015 Non-Life Premium Volume 2030 Non-Life Premium Volume
Country Volume US$PPPbn 2005 US$PPPbn 2005

(no climate change No Stern Climate No climate Stern Climate

2010-2020 CAGR | climate Action Breakdown change Action Breakdown

14 Accordingly, the uncertainties in premium volunaes much larger than those in the insurance peitetrave
show the impacts of climate change on premium veluather than insurance penetration because thet®fif
climate change are too small to be observable @pémetration (they are generally less than 0.01%).
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(%) change | relative to| relative to relative to | relative to

baseline baseline baseline baseline
Brazil 5.8+1.3% 44 +4 -0.0 -0.2 103 +32 -0.6 -0.8
China 12.3+1.9% 20715 -4.3 -0.4 992 +432 -5.3 -0.1
India 11.1+£1.4% 48 +3 +1.2 -0.2 261 +£103 +5.9 -1.4
Russia 7.1+1.4% 74+9 -0.9 -0.2 180 +53 -1.5 +0.0
South Africa 5.4+ 0.9% 19+1 -0.0* -0.1* 48 +7 -0.3* -0.4*

* The estimated climate change impact for South &fnay be biased, as these values reflect totalstibr
Saharan Africa. Relative to sub-Saharan Africa,tBafrica may experience higher costs of mitigaiidue to its
sensitivity to carbon-intensive sectors) and lowenate impacts (due to its lower vulnerability tintate).

We conclude that based on current projections,rtipact of climate change on insurance
demand mediated through income is likely to be bromér the coming two decades.
However, we recognise that there are consideratbertainties in current climate change
projections and that forecasts of the impacts @mewic growth are not comprehensive and
so could be underestimates of the true scale ohatsp(Parryet al. 2007). Further work is
required to evaluate the implications of climatarde beyond income, for example, through
its effects of public policy (Herweijer et al. 2009he willingness to pay for insurance

(Botzen and van den Bergh, 2009) and opporturfitiesew products (Mills, 2009).

V1. Conclusions

We have investigated the potential effects of ineoom the growth in non-life insurance
demand in the BRICS economies to 2030 and presenteiv approach that aims to capture
trends in non-income factors, such as regulatios.céhclude that income alone could lead to
an increase in insurance penetration of 2.1%, 1%, 4.2% and 1.6% per year between
2010 and 2020 for Brazil, Russia, India, China 8odth Africa, respectively, based on mean
forecasts. When other factors are included, thatss can be adjusted up or downwards by
more than 2%; the largest effects are seen in Beamd Russia, which have experienced
significant adjustments in insurance penetratidatik@ to income over the past decade.
However, in general we conclude that forecastscbasencome alone tend to perform better,
unless there has been a stable trend in insuragcetrption relative to income over the
preceding period. We also investigate the impattslimate change on insurance demand
mediated through income and conclude that, basedimant projections, this impact is likely
to be small (less than a 0.4% adjustment on rdtéscoease in premium volumes). Further

work is required to investigate the influence dfmelte change on demand beyond income.
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APPENDICES

A. Background on the economic forecasts

Economic Intelligence Unit (EIU, 2011)The EIU historic annual data (to 2010 and 2009 )&
gross domestic product (GDP) are sourced from natistatistical offices. The long-run forecasts by
country are based on a supply-side forecastingeveork of long-run trends. Both the PPP and market

exchange rate per capita data provided by EIU 066 2s their base year.

International Monetary Fund (IMF, 2011): The IMF historical data are sourced from the World
Economic Outlook database. The nominal value df&&sP at US$ and real GDP at US$PPP for 2005
have been used to rebase the series. The histalicGDP series in local currency units has thembee
used to chain the series back from 2005, and falwm2016, the last year of published forecastsfro
the IMF. Post-2016, we assume an annual growth egteal to that for 2016. This creates some
possibly optimistic forecasts for countries likei@h where the IMF's average annual forecasts to
2016 run at around 9%, noticeably higher than thedasts supplied by the EIU and Goldman Sachs.
This forecast is optimistic, but not infeasileData on per capita GDP use total population dath
forecasts supplied by the United Nations POPINizga (UN, 2011).

Goldman Sachs (O’Neill and Stupnytska, 2009Q'Neill and Stupnytska (2009) do not provide

sufficient historical data for our purposes, butirse historic data to the IMF. As a result we use t

data calculated from the IMF (2011) as describesvabThe Goldman Sachs forecasts are average
annual real GDP growth rates for 2011-2020 and ZIRD. These values have been used to calculate
the real GDP at US$ 2005 market price series aadG@®P at US$PPP 2005 series for each of the
BRIC countries. The series are then divided throoglotal population data and forecasts supplied by
the United Nations POPIN database (UN, 2011) teigmthe per capita data. Goldman Sachs does not

provide forecasts for South Africa, so the seriesved from the IMF forecasts is used as a sulbstitu

Table 1: Range of GDP per capita projections lpetpf GDP measure and by country

GDP per capita (US$ 2005 PPP) GDP per capita (US$ market prices)
Country Mean and Range Mean and Range
2015 2030 2015 2030
Brazil 12,764 22,978 6,654 11,198
[12,112-13,214] [19,591-25,451] [6,549-6,737] [10,897-11,707]
China 10,482 29,467 4,230 11,557
[10,194-10,980] [19,462-42,986] [4,029-4,339] [8,188-16,513]
India 4,560 11,824 1,377 3,161
[4,410-4,751] [8,887-15,350] [1,268-1,497] [2,763-3,755]
Russia 17,478 29,936 7,771 13,631
[17,306-17,807] [29,150-30,966] [7,646-8,016] [13,348-14,180]
South Africa 12,044 22,678 6,953 12,500
[11,924-12,105] [21,183-23,426] [6,800-7,260] [12,301-12,897]

15 E.g. see comment from the Chief Economist of theltdank on 23 March 2011:
http://www.businessweek.com/news/2011-03-23/chara-grow-8-for-20-years-to-top-u-s-world-bank-sasih
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B. Alternativeforecastsfor China
This section provides two sets of alternative insage penetration forecasts for China, which useemor
pessimistic assumptions about long-term economawir rates. A recent report by the Asian
Development Bank (ADB) (Eichengreeat al. 2011) provided new evidence that rapidly growing
economies tend to experience a significant redndtioeconomic growth (by at least two percentage
points) when their per capita income reaches ar@1d000 in year 2005 constant (PPP) international
prices. If this were the case, it could suggest ¢l forecasts of future insurance demand growth f
China are too optimistic. To test the sensitivityar insurance demand forecasts to assumptionst abo
long-term economic growth; we generate two new aktgrecasts for China:

* 3.5%: An average annual growth rate in per capita incofif®25% for all forecasts from 2015.

« ADB: A 2% reduction in the annual growth rate once U®$17,000 GDP per capita is

breached, based on Eichengreénl.2011.

Figure 1 and Table 2 compare the insurance peiwgtrédrecasts under these assumptions to our
original assumptions. We conclude from Table 2 thatassumption based on Eichengretal. 2011
does not impact our insurance penetration foredas?15, but does moderate the forecast for 2030
(i.e. a 0.3 — 0.4% reduction in CAGR over the pegr2®20 to 2030). The more pessimistic assumption
of a 3.5% economic growth rate from 2015 does haveore significant impact on insurance
penetration in 2015 and 2030. From Figure 1, weclemie that the original three forecasts (EIU, IMF
and GS) do cover the range of possible futures (dluding that suggested by Eichengredral.
2011); the EIU forecast is below that implied by t6S and IMF forecast including the ADB
assumption. Therefore, we suggest that the thiganal forecasts provide an adequate coverageeof th

uncertainties in long-term economic growth for pheposes of this paper.

Table 2: China insurance penetration forecastsarralternative long-term economic growth assumptions

Long-term growth Insurance Penetration Insurance Penetration
assumption (Range of absolute values, %) (Range of CAGR, %lyr)

2015 2030 2010 - 2020 2020 - 2030
Baseline 1.31-1.55 1.92-3.37 3.6 -6.5% 1.5%4.
ADB Assumption 1.31-1.55 1.86 - 3.25 3.6 —6.5% 6-14.1%
3.5% Assumption 1.28-1.49 1.77-2.35 2.7-41% 1.8-3.1%
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Figure 1: The average insurance penetration forésésr a given economic forecast (IMF, EIU or G&Jer
three assumptions about long-term economic groviththe original (baseline) forecast, (2) an assuompbased

onEichengreeret al. 2011 and (3) a 3.5% pear year growth rate from 2016.

C. Trendsin the Benchmark Ratio of I nsurance Penetration
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Figure 2: Residuals from the Global Trend Line egzed in terms of the Benchmark Ratio of Insurance

Penetration. The BRIP is shown as a moving average ®years to remove annual volatility.

D. Insurance penetration forecast validation

To ascertain whether the inclusion of a time-evajviesidual improves the forecasts we conduct a
simple out-of-sample forecast validation. We geteehandcasts for the period 2000 to 2009, based on
historical data for 1990 to 1999 using each offtrecast methods. Instead of economic forecasts for
2000 to 2009, the hindcasts used actual econontéc ated so the quality of the hindcasts should be

higher than we might expect for actual forecasthl& 3 summarises the calculated root-mean-square
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error (RMSE) for the forecasts. In general, we fihdt the income-only forecasts perform better. (i.e
they have a lower RMSE score) than the forecadts tmhe-evolving residuals over five years and ten

years. The only exception is the India 5-year fast@nd the Russia ten-year forecast (Table 4).

Table 3: Root-mean-square forecast errors (for km@wonomic growth rate)

Income-only forecasts Forecasts with time-evolving residual
Country RMSE Range RMSE Range

5-year forecast* 10-year forecast 5-year forecast  O-ydar forecast

Brazil 0.09-0.12 0.15-0.19 0.48-0.54 0.78-0.92
China 0.05-0.55 0.04-0.54 0.14-0.88 0.24-0.97
India 0.06-0.63 0.05-0.67 0.05-0.73 0.10-0.84
Russia 0.28-0.41 0.40-0.64 0.33-0.94 0.29-1.34

South Africa 0.21-0.30 0.19-0.39 0.78-0.93 1.1481.4

Table 4: Top 3 performing forecast types by RM3#Ed€d on 2000-09 hindcasts)

5-yr forecast | 10-year forecast

Brazil GTL-EIU-Fixed Increment
GTL-EIU-Fixed BRIP

WIGC-EIU-Fixed Increment

China GTL-EIU-Fixed BRIP

GTL-IMF-Fixed BRIP

GTL-GS-Fixed BRIP

India GTL-GS-Time-evolving BRIP GTL-EIU-Fixed BRIP
GTL-IMF- Time-evolving BRIP GTL-IMF-Fixed BRIP
GTL-EIU- Time-evolving BRIP GTL-GS-Fixed BRIP
Russia GTL-EIU-Fixed BRIP GTL-EIU-Time-evolving Increment
GTL-IMF-Fixed BRIP GTL-EIU-Fixed BRIP
GTL-GS-Fixed BRIP GTL-IMF-Fixed BRIP
GTL-GS-Fixed BRIP
South Africa WIGC-IMF-Fixed Increment

WIGC-GS-Fixed Increment
WIGC-EIU-Fixed Increment

Red text indicates top ranked, though all top 3tenhave similar RMSE scores

To ascertain whether the forecasts with time-ewgviesiduals perform better during the period of
more stable growth in the 2000s, we repeat theceseegenerating hindcasts for 2005 to 2009 based on
2000 to 2004 data. The RMSE values are given ielabWe find that the errors for these forecasts
(based on a shorter and more stable calibraticiogjeare much lower, but in most cases the income-
only forecasts still perform better. Brazil and 8oAfrica are exceptions. From this we concludé tha

the time-evolving forecasts can perform well whidrere is a sizeable but stable trend in the BRIP or
Increment over the forecast calibration period.

Table 5: Root-mean-square forecast errors and topeBforming forecasts based on 2005-2009

hindcasts using only the 5 preceding years datdifiee-evolving residuals

Forecasts with time- Good/Poor performing forecasts*
Income-only forecasts ) .
Country RMSE Range evolving residual
9 RMSE Range

Majority perform well (<0.1 RMSE) but

Brazil 0.06-0.11 0.05-0.10 time-evolving BRIP/Increment forecasts

tend to perform better
China 0.02-0.13 0.07-0.14 Fixed BRIP/Increment forecasts tend o
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perform better |

India 0.03-0.14 0.06-0.17 Fixed BRIP/Increment forecasts tend tT

perform better

Fixed BRIP/Increment forecasts tend to

Russia 0.14-0.40 0.17-0.34 perform better

Time-evolving BRIP/Increment forecasts

South Africa 0.08-0.22 0.07-0.19 tend to perform better

* No top 3 is given as many forecasts tend to perfoighly. Here we focus on the poorest performers

E. TheMercer (2010) climate change projections
The climate change projections quoted in the Mef2@10) study were based on scenario development
and analyses by the Grantham Research Institutéliorate Change and the Environment and Vivid
Economics. The analyses were based on the follogtidjes and processed as follows for this paper:
* Residual damage costs of physical climate change: projections are extracted from the
integrated assessment model PAGE2002 (Hope, 2@06)advantage of the PAGE2002
model is that it is probabilistic; hence, it caguira range of projections from the existing
literature. This model was also used in the Steewi€ on the Economics of Climate Change
(Stern, 2007); though the impact estimates in Me(2610) are lower as they include only
market impacts. The impacts estimates included he Climate Breakdown’ scenario
represent the 95th percentile forecast from PAGEer@as the ‘Stern Action’ scenario
includes a more optimistic impact estimate (théng#rcentile forecast by PAGE).
« Adaptation costs: projections are based on estimates from World §26R9) and transposed
to different climate scenarios and timescales usimple adaptation cost functions.
e Costs of GHG mitigation: estimates are derived from the WITCH model (HEader et al.
2009) for the ‘Stern Action’ scenario, adjusted apgplied for different regional definitions.

Costs are assumed to be negligible for the ‘ClinBatsakdown’ scenario.

A summary of the costs given by Mercer (2010) usetthis paper is given in Table 6. Mercer (2010)
does not provide scenarios for each country, onfyrdgions (e.g. sub-Saharan Africa), and therefore
we assume that the impacts on economic growth ragmnal level are evenly distributed between
countries in the region. This could create somsedsian the projections, particularly for South Aéri
which is less vulnerable to physical changes imate than the remainder of sub-Saharan Africa and
more carbon-intensive. Projections from Mercer (®Oare linearly interpolated to provide annual

forecasts to 2030 and converted into income petaaping populations projections from UN (2011).

Table 6: Estimates of the costs of climate chang0B0 from Mercer (2010)

Region Total Costs Mitigation Cost Adaptation Residual
(% GDP) (% GDP) Costs (% GDP) Damage Costs

(Y% GDP)

Stern Action

China and East Asia 4.4 4.3 0.1 0.0

Russia and the former Soviet Union 3.7 3.4 0.3 0.0

Latin America and Caribbean 1.2 0.6 0.4 0.2

India and South Asia -3.8 -4.0 0.1 0.1

Sub-Saharan Africa 1.4 0.6 0.6 0.2

Climate Breakdown

China and East Asia 0.1 | 0.0 | 01 | 0.0
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Russia and the former Soviet Unign 0.3 0.0 0.3 0.0
Latin America and Caribbean 1.6 0.0 0.4 1.2
India and South Asia 0.9 0.0 0.2 0.7
Sub-Saharan Africa 2.1 0.0 0.8 1.3

23




